INTRODUCTION
Protein and energy are considered as basic feed components that are expensive concentrate of ruminant feed due to the continuous increase in their price. However, protein supplements are integral component of animal diets and are required to increase the total quantity of protein as well as satisfy essential amino acid requirements (Mustafa and Alamin, 2012) . Understanding rate and extent of ruminal degradation of various protein sources is important for formulating diets to supply enough rumen degradable protein to optimize rumen microbial growth and microbial protein to support the host. In order to improve protein utilization in ruminant feed, protein should be divided to its components to distinguish, the quantities of protein degraded in the rumen and the amount bypassed from the rumen and absorbed in the gut (Rezai et al., 2012 ).
The gas method was used in this study and it was selected because it allows study of effects of feed additives and feed supplements on digestibility of feed fractions and rumen microbial activity (Getachew et al., 2001) . Fermentation kinetic parameters may be derived using mathematical functions to estimate the fermentation rate, with the major assumption that the rate at which gas is produced is directly proportional to the rate at which substrate is degraded (France et al., 2000) . The gas-production technique has proved to be efficient in determining the nutritive value of feeds containing anti-nutritive, positively related to intake, microbial protein synthesis and in vivo digestibility (Ndlovu and Nherera, 1997) . Both in vitro gas production and the ANKOM devices can be used as rapid evaluation tools to assess nutritional quality of feeds. Therefore, this study was designed to estimate rumen degradability of tropical forages Mucuna pruriens (velvet beans), Vigna unguiculata Walp (L), (cowpea) and Desmodium uncinatum (silverleaf desmodium) using the Ankom RF gas production technique.
MATERIALS AND METHODS
Velvetbean, cowpea and silver leaf desmodium forage legume materials were harvested from plantations grown in 2012/13 summer at the University of Venda Experimental farm (22° 56' 60S and 30° 28' 60E; altitude 709m); (752mm of rainfall per year, with most rainfall occurring mainly during mid-summer; average minimum temperature 7.5°C and maximum 30.3°C). The legumes were air dried under the shade and then milled to pass through a 2mm sieve.
The Ankom RF gas production technique was used for the incubation (Ankom RF , 2008) at Agricultural Research Council Irene in South Africa. Rumen liquor was collected from 2 cannulated cows fed on a milk ration (19% crude protein dairy meal and maize silage) and forage samples of 1.0 g/DM of milled velvet bean, cowpea and silverleaf desmodium were placed into 250 ml glass jar and incubated at 39 0 C for 72 hours in triplicates. The buffer (saliva) and the rumen liquor were mixed in the ration 4:1 respectively under anaerobic conditions. The ratio of rumen liquor and saliva was chosen such that microbial activity is adequately high that it does not have an effect on rate and level of fermentation. Gas productions were corrected for blank gas production and three blanks (rumen fluid + buffer solution) were used in the study.
Every experimental component consists of a 250 ml glass jar with attached module top. The Ankom RF module tops used contained the communication system of a radio frequency wireless system that monitored gas pressure, allowed the discharge of gas formed for the period of the fermentation and sustained a low positive pressure in the bottle headspace, thereby avoiding the entrance of air (Tagliapietra et al., 2011) . However, the gas that accumulated in the headspace of bottles was automatically released when the pressure inside the units reached 6.9 kPa above ambient pressure. The monitor measured pressure after every 5 minutes.
Crude protein (CP) content of feed was determined by the Kjeldahl procedure (AOAC, 2000) . Calcium (Ca) and phosphorous (P) content were determined using the spectrophotometry (Danovaro, 2009 ) and EDTA (Kaur, 2007) . Condensed tannins were analysed as tannic acid equivalent in the three forage legumes. Crude fibre (CF) and modified acid detergent fibre (MADF) were determined using the AOAC (2000) procedure.
Gas volume was calculated in ml at 39°C with pressure measured in psi (Ankom RF 2008): V x = V j P psi x 0.068004084 Where: V x = gas volume at 39°C in ml V j = headspace of digestion jar (Glass Bottle) in ml P psi = cumulative pressure recorded by Gas Monitor System Software The gas production characteristics were calculated according to the models: P = a+b (1-e -ct ) (1) Ørskov and McDonald (1979) (1) Time specific gas production was calculated using the equation of McDonald (1981) with the modification of Wulf and Südekum (2005) , which assumes that no degradation occurs during the lag phase as done by Edmunds et al., (2012) : Effective gas production (ml/g DM) = a + (bc/ (c + K p )) e -KpL (3) Where: K p is the rate of gas production, a is the soluble fraction, b is the insoluble but potentially rumen degradable fraction (calculated as d -a, where is the potentially ruminal degradable fraction), c is the rate constant of disappearance of fraction b and L is the lag phase.
Effective gas production were estimated at assumed passage rates (Kp) of 0.02, 0.04 and 0.06/h (K p 2, 4, 6) to represent low, medium and high feeding amounts and typical rates of ruminal solid outflow for forages.
Analysis of variance was performed on gas production kinetics with forage species and incubation period as the sources of variation. The statistical significance of the differences between means was tested using the Duncan multiple range test. The General Linear Model of SAS (2013) was used: Y ijk = ì+ B i + I j + (B x I) ij + e ijk Where: Y ijk = gas production ì = overall mean; B j = legume effect; I h = incubation period (B j x I) ij = interaction between incubation and legume; e ijk = random residual error.
RESULTS AND DISCUSSION
Chemical composition of the three legumes (Table 1) illustrated that cowpea had significantly the highest amount of crude protein (P<0.05). However, silverleaf desmodium contained significantly the highest levels of dry matter (DM) and tannins whilst velvet bean had the least DM and the cowpea with the lowest tannins level. Velvet bean had the highest level of modified acid detergent fibre (MADF) and cowpea with the lowest.
Gas production from the three legumes are summarised in Figure 1 . A common feature of the gas accumulation profiles was the presence of a gas production curve trend which provided the use of a simple exponential form by Ørskov and McDonald (1979) suitable for their description. Most but not all of the gas in the 3 legume forages was produced within the first 48 h post-incubation. The volumes of gases produced ranged from 61.38 to 70.37 ml, with an average of 64.16ml, whilst the fractional rate of gas production varied between 4.6 and 5.6%/h with a mean of 5%/h (Figure 1) . Cowpea produced the highest amount of gas followed by velvet bean. However, silverleaf desmodium produced gas at a higher rate than velvet bean up to 48 h of incubation. Effective gas production, (a), (b) and (c) were significantly different for the three legumes (P<0.05) Table 2 .
Inoculum is the single largest source of variation in measuring gas production, as rumen fluid is variable and sampling schedules, diets fed to donor animals and preparation of the inoculums. Therefore, in this study the same inoculum was used and the experiments were repeated 3 times to account for the variation. Gas produced is direct from microbial degradation of feeds, and indirectly from buffering of acids generated as a result of fermentation (Getachew et al., 2004) . Additionally, gas accumulation during the initial incubation period is representative of the sum of gas output from two main sources that is gaseous end-products of fermentable substrate and the release of CO 2 , from the bicarbonate buffer in the medium by way of volatile fatty acid neutralisation (Beuvink and Spoelstra, 1992) .
The amount of gas produced as an end-product from fermentation by rumen micro-organisms is not constant, but varies with the composition of the volatile fatty acids produced which in turn is substrate dependent. According to Champ et al., (1991) it would appear that major variations in volatile fatty acid ratios resulting from the fermentation of legumes may be uncommon; indeed a very close relationship exists between volatile fatty acid and gas accumulation. However, during the latter incubation period, on depletion of available substrate, declining microorganisms may autolyse releasing small amounts of utilisable substrates which can then be fermented by the remaining viable microorganisms and contribute small quantities of gas to the accumulating gas pool (Longland et al., 1995) .
The high gas production values obtained by the cowpea agree with Ravhuhali et al., (2011) that cultivar with low amounts of total tannins do not exert negative effects on degradability. Desmodium uncinatum had the least gas production levels and this could as a result of the high tannin content, as it was observed in other legume species (Baloyi et al., 2008) . The degradability of silverleaf is rather low and even much lower values have been recorded (Baloyi et al., 2009) . According to Dzowela et al., (1995) sun air-drying for 3 days at 25°C did not affect quantity of phenolics in browse leaves but it reduced in vitro degradability. Moreover, formation of artifacts cannot be completely ruled out when sun air-drying forages. However, the drying method used in the present experiment is unlikely to have affected the chemical composition of the forage legumes.
In vitro techniques are routinely used to evaluate the nutritional quality of feeds due to their convenience, adaptability and efficiency (Getachew et al, 2005) . The gas production technique has proved to be a potentially useful technique for feed evaluation as it is capable of measuring rate and extent of nutrient degradation (Chai et al., 2004) . However, the technique has some vital advantages like it is a visibly insidious technique and therefore possible to be gradually more accepted on animal welfare basis. Moreover, the technique is able of evaluating bulky numbers of samples per given time as in selection of forages in a feeding programme. In vitro gas methods primarily measure digestion of soluble and insoluble carbohydrates and the amount of gas produced from a feed on incubation reflects production of volatile fatty acids (Getachew et al., 2004 ). Cumulative gas produced at different incubation times can be measured on a single and small sample, providing kinetic data from which extent and rate of feed degradation can be estimated (Lopez et al., 2007) .
CONCLUSION
Cowpea produced the highest amount of gas followed by velvet bean. However, silverleaf desmodium produced gas at a higher rate than velvet bean up to 48 hours of incubation. Effective gas production, (a), (b) and (c) were significantly different for the three legumes. Silverleaf desmodium had the least gas production levels and this could be due to the high tannin content.
